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Abstract 
It is important to analyze the indoor temperature field for Gravity air-conditioning, which is a new technology. This 
paper investigates the vertical and horizontal temperature distribution by experiment. The result shows that in 
working area, the maximum temperature gradient is about 3 ćand PD is less than 4%, which can meet the thermal 
comfort requirement. The temperature in working area is in the range of 23ć~28ć in the experiment, which can 
meet the cooling requirement. The indoor temperature field presents uniform temperature distribution in the 
horizontal level and layered distribution in the vertical direction, which is consistent with the normal distribution of 
displacement ventilation.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction  
Gravity air-conditioning, as a new technology is a novel application for capillary tubes in cooling field. 
Previously, many capillary application cases [1][2] in heating and cooling field shows wonderful effects by 
many researches at home and abroad[1].  This device contains plastic capillary tubes as the basic heat 
exchange unit, with cold water circulating inside. The capillary tubes operates by the principle of natural 
convection and displacement ventilation, with cycling power induced by density difference between hot 
and cold air. No fan is in need. Plenty of researches indicate that, compared with traditional air supply 
mode, displacement ventilation is more energy-efficient [4][5]. Besides, the novel device is  also superior 
to traditional ones with Fans noise, which largely affects the indoor environment and bring damage to 
occupants’ concentration and health [6][7].  
As for heating in winter, Gravity air-conditioning can supply heating with low-temperature recourses 
and recycle abundant low quality heat energy. The thermal performance and cooling capacity was 
investigated by experiments [8] [9]. The results can totally meets the heating and cooling requirements of 
normal rooms. Gravity air-conditioning has sufficient potential with the global energy shortage problem 
and CO2 emission reduction. However, for a new product, it is important to analyze the temperature 
Available online at www.sciencedirect.com
 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Hainan University.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
962   Cuimin Li and Jianing Zhao /  Energy Procedia  17 ( 2012 )  961 – 967 
distribution and thermal comfort to ameliorate the amenity and decrease energy consumption for deeper 
development. 
Although thermal comfort is a complicated problem related to both psychological and physiological 
factors, the air temperature distribution are definitely the most important factor [10]. Specifically, the 
character of air supply through the outlet at the bottom should be paid more attention. Many experiments 
were carried out on this kind of temperature distribution. Reference [11] investigates the effects of supply 
air parameters and the vertical temperature distribution in the room. Hee [12] and Xing [13] investigated 
the temperature field, velocity field and air qulity by CFD simulation. 
The researches mentioned above are mostly about the temperature distribution of gravity air-
conditioning, aims to provide proper guild for its application. 
2.Methodlogies 
2.1.Experimental Site 
This experiment was carried out at an ISO Test Board for Thermal Characteristics of Heating 
Appliance in Harbin Institute of Technology (HIT), which was refitted partly according to cooling 
condition. The dimension o the test board is 4m×4m×2.8 m. The refitted part includes a water chiller, new 
cold water system with separated water-supply pipe and water-return pipe laid beside the parallel original 
pipes, as well as sensors for low temperature inside the platinum resistance thermometer Several valves are 
in charge of the switch between the hot water system and cold water system. The test precision can be 
guaranteed and constant temperature circumstance with no disturbance can be thus provided in this test 
board. 
2.2.Test Points Arrangement 
Test points were arranged at the central axis and other four axes in corner with 1.0m distance from both 
adjacent walls. The reference heights for the central axis is respectivaly 0.75m, 0.05m, 0.50m, 1.50m and 
2.75m from the floor. As for the corner axis, the reference heights are 0.75m and 1.50m. In the present 
research, 26ć is taken as the standard indoor temperature. [15]. There are thermocouples located at 
reference points and a novel BEC Multi-Channel temperature collector, which is originally invented by 
HIT. The temperatures at reference points are recorded every 30 seconds.   
2.3.Experimental Object 
As shown in Figure 1, such a device work frame can be set at the approximate or equal height of the 
room as the cycle well, with moisture proof shell, which can be made with all kinds of material. Room air 
flows in through its inlet at the top and flows out through outlet at the bottom. In general cases, there are 
louver diffusers on inlet and outlet, which have been taken away in this experiment for parameter 
measurement. A unity consisted with one or several plastic capillary tube nets as the basic heat exchange 
unit is installed inside, which connects to the main system with supply and return water pipes. In this 
experiment, Clina PP-R capillary tubes made by Clina Company are selected. Capillary tube nets are 
hanged by one or several rows of metallic grooves installed inside at the top and fastened tightly by several 
pothooks installed at the bottom and two sides of the frame, which help to keep the original shape. 
Additionally, condensate plate at the bottom inclines at a constant angle and connects to the condensate 
pipe. 
The dimension of experimental sample is 1.14m×0.20m×2.22m, which contains 5 pieces of capillary 
tubes with 3.4mm external diameter, 0.55mm pipe thickness and 10mm distance. The sizes of inlet and 
outlet are respectively 1.14m×0.4m and 1.06m×0.38m. Cold water comes in from bottom and flows 
upward. 
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Figure1. Operation principle and structure of gravity air-conditioning 
2.4.Experimental condition 
To get more meaningful results, this paper just focuses on symbolic cases. Supply-water temperature is 
controlled in rang of 8~14ć considering the cooling capacity of the chiller. Mass flow rate is controlled in 
the ranges of 200 ~ 600 kg/h, smaller than which, it would be hard to be regulated and bigger than which it 
would be meaningless for practical application considering the pump efficiency. So in the reference cases, 
the supply-water temperature is set to be 7ć, 9ć, 11ć and 14ć, mass flow rate 200kg/h, 300kg/h, 
400kg/h, 600kg/h. Each case was tested three times, and collected data must be involved into the calculate 
process after strict calibration.  
3.Results and Discussion 
As an analysis typical object, the case with 11ćsupply water includes 4 groups of data distinguished 
with mass flow rate 200kg/h, 300kg/h,400kg/h and 600kg/h.  
In figure 2, the four curves represent the vertical temperature distribution of the central axis are very 
close, which means mass flow rate has little effect when the  supply water temperature is constant. This is 
because cooling capacity increases largely along with the falling of supply-water temperature and varies 
little with the changing of mass flow rate [8]. Thus, with the average value of the four cases with different 
mass flow rate and same supply water temperature, further analysis can be realized, as in figure 3.    
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
Condensate pipe

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Figure2. Temperature distribution of central axial (Supply-water temperature 11ć)
In terms of working area for sitting people, the temperature profiles of the experimental space could be 
divided into two zones, namely, the steep temperature gradient part from 0.05m to 1.5m, and the gentle 
part that locates above this zone [14]. 
Figure3. Temperature distribution of central axial (Cases with different supply-water temperature) 
In the lower zone, the vertical temperature gradientis 3.16ć, 3.04ć, 3.02ć and 2.99ć under the 
supply water temperature of 7ć, 9ć, 11ć and 14ć. The similar temperature gradient shows that along 
with the increase of supply water temperature the indoor air temperature raises almost equally. The four 
curves almost crossed at the point of 0.75m high, this points were the reference temperature pointsˈ
which are  set to be 26 ć.
In summer, design indoor temperature is 22ć~28ć, and predicted percentage of dissatisfied (PPD) is 
lower than 25% to meet the thermal comfort [15]. ASHREA standard recommends that the maximum 
temperature gradient should not exceed 3 ć [16]. Meanwhile, thermal dissatisfaction can also be caused 
by unwanted cooling or heating of one particular part of the body. This is known as local discomfort, 
which can also be caused by an abnormally high vertical temperature difference between the head and 
ankles. The percentage dissatisfied (PD) can be Determined with Equation (1) [17]: 
,
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According to (1), when ,a v
t'
 is 3.16ć, PD is 4.50%, and when ,a vt'  is 2.99ć, PD is 3.91%. It means 
that the PD can meet the thermal comfort requirement with warm upper vertical temperature distribution.  
And the temperature in working area is about 23ć~28ć with all kinds of the supply water temperature in 
the experiment, which can meet the cooling requirement.   
In the upper zone, the vertical temperature difference is 1.82ć, 1.95ć, 2.30ć and 2.38ć under the 
supply water temperature of 7ć, 9ć, 11ć and 14ć. The change trend is different from the lower zone, 
along with the increase of supply water temperature, the vertical temperature difference raises. The upper 
zone not included in working area has no impact to the thermal comfort of working human. Thus, the 
higher the temperature is, the more meaningful for energy saving, which superior than traditional air-
conditioning. 
Figure 4 and 5 shows the horizontal temperature distribution at 0.75m and 1.5m high. The two figures 
indicate that horizontal temperature is uniform under different cases. 
Figure 4 and 5 shows that the temperature is about 26ć~26.5ć at 0.75m height and about 27.5ć
~28ć at 1.5m height, which presents layered distribution along the vertical axis.   
Above all, the indoor temperature field presents uniform temperature distribution in the horizontal level 
and layered distribution in the vertical direction, which is consistent with the normal distribution of 
displacement ventilation.  
Figure4. Temperature distribution of 0.75m heighth form floor (Cases with different supply-water temperature)  
Figure5. Temperature distribution of 1.5m (Cases with different supply-water temperature) 
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4.Conclusions 
According to the temperature distribution analysis of the gravity air-conditioning, the study warrants 
several conclusions as follow: 
x In working area, the maximum temperature gradient is about 3 ćand PD is less than 4%, which 
can meet the thermal comfort requirement. 
x The temperature in working area is about 23ć~28ć  with all kinds of the supply water 
temperature in the experiment, which can meet the cooling requirement. 
x The indoor temperature field presents uniform temperature distribution in horizontal direction, and 
layered in vertical direction in the working area, as distribution of normal displacement ventilation. 
For the higher temperature of the upper zone, gravity air-conditioning is more energy-efficient than 
traditional ones. 
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